Infection with feline leukemia virus (FeLV) was demonstrated immunohistologically in 2 18 necropsied cats suffering from enteritis. The animals were divided into three groups according to histopathological criteria. The first group exhibited the signs of feline panleukopenia in intestine, lymphoid tissues, and bone marrow. Only 1.6% of these animals were FeLV-infected. The animals of the second group had histopathological alterations as seen in cats suffering from feline panleukopenia, but these were found only in the intestine and not in lymphoid tissues or bone marrow. Of these 7 1.9% were infected with FeLV. The third group consisted of all other cats suffering from enteritis of which 6.3% were FeLV-positive. The association between FeLV infection and the lesions seen in the animals of group 1 (feline panleukopenia) and group 3 (other types of enteritis) is statistically not significant whereas the alterations exhibited by the cats of group 2 are significantly FeLV-associated. Cats with FeLV-associated enteritis (group 2) are of a mean age of about 2.5 years and are significantly older than animals with feline panleukopenia which are of a mean age of about half a year. Thus a FeLV-associated enteritis exists as a histopathologically recognizable condition which sometimes might be mistaken for feline panleukopenia in routine post-mortem investigations.
Feline leukemia virus (FeLV), besides its role as causative agent in hematopoietic tumors, is known to be a direct or indirect cause of various non-neoplastic conditions, summarized under the term FeLV-associated diseases. Generally, anemia, feline infectious peritonitis, feline coryza, septicemia, pneumonia, glomerulonephritis, infertility, and fading kitten syndrome are discussed as being FeLV-dependent.2,7,8 Enteritis is rarely described in conjunction with FeLV and, when it is discussed, it is sometimes interpreted as feline panleukopenia or as FeLV-associated panleukopenia-like ~y n d r o m e .~,~,~
We have investigated the presence of FeLV-infection in cats sent for necropsy to the Institute of Veterinary Pathology, University of Giessen, over a period of about 5 years. In our material feline panleukopenia is not FeLV-associated. However, a FeLV-associated enteritis occurs which has some histopathologic features of feline panleukopenia.
Materials and Methods
A total of 1,095 cats sent for necropsy to the Institute of Veterinary Pathology, University of Giessen, were investigated immunohistologically for the presence of feline leukemia virus (FeLV) in parallel to routine investigations (gross and microscopical pathology, microbiology). For immunohistology, methanol-fixed organs, including in every case bone marrow and spleen, were embedded in paraffin, a method already shown to be valid for demonstration of FeLV in tissue sections.6 Visualization of FeLV antigens in tissue sec-1 tions was done after inhibition of endogenous peroxidase by methanol/0.5% H,O,, by an indirect immunoperoxidase method. Bovine anti-FeLV (Antibodies Incorporated, Davis, CA) diluted 1: 100 served as primary antiserum and peroxidase-labeled rabbit anti-bovine IgG (Cappel Lab., Cochranville, PA) was the second antiserum. Incubations took place at 37 C in a humidified atmosphere for 30 min each.
In controls the primary antibody was replaced by preimmune serum (Antibodies Incorporated, Davis, CA). Peroxidase activity was shown by diamin~benzidine.~ Using the electron microscope, parvovirus particles were demonstrated in homogenized samples of bone marrow and intestine after aggregation by antiserum and negative staining. I
Results
Of the animals investigated, 2 18 suffered from enteritis. Based on histopathological alterations these animals could be divided into three groups.
Animals in the first group showed all signs of feline panleukopenia in that degeneration of crypt epithelium, depletion of crypts accompanied by dilatation of residual ones, and atrophy of the villi in the small intestine could be demonstrated. In bone marrow, panmyelopthisis accompanied by hyperemia of the sinuses and, sometimes, hemorrhages were present. Gut-associated lymphoid tissues, mesenteric lymph nodes, and spleen exhibited depletion of lymphoid cells and often proliferation of reticular cells in the follicles.
The second group was histopathologically identical to the first as far as the intestine was concerned. However, lymphoid follicles in gut-associated lymphoid tissue, mesenteric lymph nodes and, in most cases, spleen appeared normal or hyperplastic. Bone marrow was either normal or exhibited hypercellularity combined with prominence of immature nuclear forms. Only sometimes moderate hyperemia of the sinuses was seen.
In the third group no histopathological alterations of the intestine raising any suspicion of feline panleukopenia (i.e., necrotizing epithelial lesions accompanied by dilatation and depletion of crypts) were seen. These animals suffered from catarrhal enteritis as diagnosed by gross examination and histopathology.
The first group consists of 123 animals of which two (1.6%) were infected with feline leukemia virus (FeLV). The second group contains 32 cats, 23 ofwhich (7 1.9%) were FeLV-infected. The third group contains the remaining 63 animals. Three of these (6.3%) were positive for FeLV in immunohistology.
Based on these data, the first group was diagnosed as feline panleukopenia, the second group was named FeLV-associated enteritis, and the third group was summarized as other types of enteritis.
Material from 9 1 animals, including the borderline cases between groups, was investigated by electron microscopy for the presence of parvovirus in intestine and bone marrow. In 37 of these animals a parvovirus infection could be demonstrated by this method, 36 belonging to the "feline panleukopenia" group and one to the "other types of enteritis" group. No animal of the "FeLV-associated enteritis" group was positive for parvovirus. Three of the 37 parvovirus-positive cats (8.1Yo) were also FeLV-positive: two belonged to the first (feline panleukopenia) and one to the third (other types of enteritis) group. Of the 54 animals for which a negative result for parvovirus infection was obtained in the electron microscope, eight (14.8%) were FeLVinfected.
In the case histories of the 32 animals with FeLVassociated enteritis, vomitus (1 1/32) and diarrhea (101 32) were mentioned most often. It is striking that the vomitus often was hemorrhagic (711 1) and that the diarrhea sometimes persisted for more than two weeks (41 10).
At necropsy, the gastrointestinal lesions in cats with FeLV-associated enteritis were similar to feline panleukopenia and the extraintestinal findings were mainly FeLV-associated ones such as anemia, lymphatic hyperplasia, emaciation, rhinitis and bronchitis, and hemorrhagic diathesis. In histopathology the intestinal alterations of FeLVassociated enteritis were similar to those of feline panleukopenia ( Fig. 1) . They were, however, sometimes more moderate or localized, especially in animals killed because of the intravital diagnosis of FeLV infection. Epithelial regeneration was seen only in three FeLVnegative animals of this group. More than half of the intestinal epithelium in jejunum and ileum of these cats consisted of proliferated enteroblasts.
In bone marrow the animals had histologically either a normal content of cells or a hypercellularity with prominence of immature nuclear forms. In both cases, however, this was sometimes accompanied by a neutrophilic agranulocytosis.
In FeLV-positive animals of group 2, FeLV-multiplication could be demonstrated in every animal in crypt epithelium of the small intestine and bone marrow and in most animals additionally in gut-associated lymphoid tissue, mesenteric lymph nodes and spleen ( Figs. 2-4) .
The age of the animals was significantly different (level of significance (Kruskal-Wallis test): 0.000 1) in the four groups. Animals with FeLV-associated enteritis were significantly older than those of the feline panleukopenia group (level of significance (Nemenyi test): 0.0 1) and also older than the cats with other types of enteritis (Table 1 ). Further significant differences in age could be shown between the feline panleukopenia group and the cats without enteritis group (level of significance (Nemenyi test): 0.000 1) and between the other types of enteritis group and the cats without enteritis group (level of significance (Nemenyi test): 0.0 1).
Sixty-three of the 1,095 animals investigated for the presence of FeLV by immunohistology died from trauma. Two of these (3.2%) were FeLV-positive. If trauma is not an FeLV-dependent cause of death, it could be shown by the Fisher test that FeLV-associated enteritis is highly significantly associated with FeLV (P < 0.001) whereas this does not hold true for panleukopenia and the other types of enteritis.
Discussion
The present study suggests that a feline leukemia virus (FeLV)-associated enteritis exists which might be mistaken for feline panleukopenia in routine postmortem investigations. This possibility has been mentioned2 but no hard data were given in its support. In this study this type of enteritis is significantly associated with FeLV. The disease is not accompanied by the histopathological findings of feline panleukopenia in lymphoid tissue and bone marrow. Indeed, in bone marrow hypercellularity and blast proliferation are frequently seen. The condition is usually of a more subacute or chronic nature than panleukopenia (also supported by the noted emaciation often accompanying the disease). Furthermore, other FeLV-associated alteration such as anemia, hemorrhages, lymphatic hyperplasia, rhinitis, and bronchitis often occur. No parvovirus infection could be shown in animals suffering from FeLV-associated enteritis.
The mean age of the animals with feline panleukopenia is about 6 months whereas cats with FeLV-associated enteritis are more than 2 years of age on an average.
FeLV-associated enteritis cannot be explained by recovery from a former parvovirus infection because usually no signs for regeneration of crypt epithelium can be seen. Also the subacute or chronic clinical course of the disease and the high percentage of FeLV-positive animals would argue against this explanation.
It is also possible that cases previously diagnosed as feline panleukopenia but with hypercellularity and blast proliferation in bone marrow5 may have been FeLVassociated enteritis. The potential mix-up between panleukopenia and FeLV-associated enteritis may also underlie the statement that feline panleukopenia itself is a FeLV-associated This is clearly not the case in our material whether one uses histopathological alterations or parvovirus-isolation as criteria for diagnosis.
FeLV-associated enteritis appears not to be identical to the FeLV-associated panleukopenia-like syndrome though the percentage of FeLV-positive cats found in both disease groups is very similar.4 Intestinal lesions in panleukopenia-like syndrome are described as occurring at the tips of the villi and not in the crypts. Furthermore, bone marrow is depleted of granuloctyes, and lymphoid depletion and hemorrhagic necrosis in intestinal lymph nodes O C C U~.~ This combination of alterations is not similar to our histopathological findings in FeLV-associated enteritis.
FeLV-associated enteritis occurs in about 10% of the cats with FeLV-infection in our material and, though it only accounts for about 3% of all cats brought to necropsy, it is an important differential diagnosis to feline panleukopenia.
